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??)?????????????????????????????????????
????????????????????????????????????????
??????????????????
?????? i??????Hi = (h1i?. . .?hpi )????????? p???????
???? hki ????????????????????????Hi????????
????????????????????????? i??????Hi = (3, 5, 2)?
??????????? 3?????????????????? 2?????????
???????????????????????????????????????
???????????????????????????????????
3.3 ???
????????????? T ????????????????????????
???????????Q??????Q???????? λ ≥ 0?????????
????? λ??????? (workload)?????????λ????????????
????????????????????????????????? T ??????
??????????? ST ??????????????? UT ≥ 0???? T = (ST
?UT )???????T ????????? ST ? ST = {s1?. . .?sl}???si? T ???
????????????
????? si???????????????????????Rsi = (r1si?. . .?rpsi)?
????????????????????????????????????????
?????????????????????? i??????? s?????
hki ≥ r
k
s (3.1)
?????????Hi = (8, 2)?????????????? i???????Rs1 = (5, 1)
??????????????? s1??Rs2 = (2, 7)??????????????? s2
22
? 3 ? ????????????????????
???????i?????????????? s1?????????????????
? 1?????????? s2??????????????????? (3.1)?????
??? T ???????????????????.
??? T ???????? UT ? ST ????????????????????
UT =
∑
s∈S
p∑
p=1
rs (3.2)
????????????????????????????????????????
????????????
3.4 ???
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????
??? T ???????????? (GT?σT?T )????GT ⊂ A???? T ????
??????????????σT ?????????????? s ∈ ST ??????
?????? i ∈ GT ???????? σT (s) = i ∈ GT ???????????
hki ≥
∑
s∈σ−1
T
(i)
rks (1 ≤ ∀k ≤ p)? (3.3)
????????????????????????????????????????
???????????????????????????????
3.4.1 ??????????????
???????? 3.1?????????????????????????????
??????????
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? 3 ? ????????????????????
??????
???? (???????) ?????????????????????Q????
???? T ???????????????????????????????????
??????????T ?????????????????????????????
???????????????????????????????????L (???
L?????) ?????????????????????????????????
????????????????????????????????????????
?????????????????L??????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????? (??????)??????
????????????????????????????? L = 2???????
??????????????????????????????????????GpT
??????????????????????????????????
???????????? ??????????????/????????????
????????????????????????????????????????
???????????G0T ??????????GpT ???????????????
???????????????? L??????????????????????
????????????????????????????????????????
???????????????????????????????????? 1???
???????????????????????????????????????
??G0T ????????????????????????????????????
?????????????????? (3.3)????????G0T ?????????
????????????????????????????????????????
????????????????????????????????????????
?????? (3.3)??????????????????G0T ???????????
????????????????????????????????????????
????????????????????????????????????????
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? 3 ? ????????????????????
??????
???????? ???????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????
??????
???? (?????????) ????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????
??????? ????????????????????????????????
????????????????????????????????????????
????????????????
???????? ???????????????????????????????
???????????????????
3.4.2 ????????????????
? 3.1??????????????? 1 tick???????????1 tick????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????1???M tick???????????
?????????????????K tick??????????(1) ????????
?????????????????????????(2) ?????????????
??????????????M tick, ?? (2)??????????????K tick?
???????? 2M +K tick?????????????????????????
????????? 3.2????
25
? 3 ? ????????????????????
??????
??????????
???????
??????
?????
???????
?????
?????????
??? ???
? 3.1: ?????????
??? ???
Mt
??
????
?????????
?????
??
?????????
Mt
Kt
??
? 3.2: ??????????????
26
? 3 ? ????????????????????
3.5 ??????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????
27

29
?4? ???????????????
????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????? [66]???????
????
4.1 ????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
? 4 ? ???????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????
4.2 ?????????
??????????????????????????????????????
???????????????????????????????????????
?????????????????????????? (Degree of Greediness)???
????? (Expected Ratio of Acceptance of Team Solicitation)?????? (Expected
Member Utility Division Ratio)? 3???????????????????????
?????????????????????? (?????????????????
???)????????????????????????????????????
????????????????????????????
4.2.1 ?????????
???????????????????????????????????????
? i?????? gi??????? i???? (GT?σT?T )?????????????
ui??
ui = UT × gi (4.1)
??????????????? j ∈ GT \ {i}???????????????????
?????
uj = (UT − ui)×
∑
t∈σ−1
T
(j)
∑p
p=1 rt
∑
s∈T\σ−1
T
(i)
∑p
p=1 rs
(4.2)
????????∑t∈σ−1
T
(j)
∑p
p=1 rt??????? j????????????????
?????????????∑s∈T\σ−1
T
(i)
∑p
p=1 rs??????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????? 0???????????
???????????????????????????????
gi = αg × δsuccess + (1− αg)× gi (4.3)
30
? 4 ? ???????????????????????????
????αg?????????? 0?? 1????????????δsuccess?????
???????? 1??????? 0????
4.2.2 ???????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????? i??
???????? j???????????? ei?j ????i? j??????????
? ei?j?????????????????????????????
ei?j = αe × δjaccept + (1− αe)× ei?j (4.4)
????αe????????????? 0?? 1??????????? δjaccept????
?????????????????? 1????????? 0???????????
????? ε-greedy??????????????????????????????
?????????????????????? 4.3.2??? 4.3.3??????
4.2.3 ????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????? i???? j?????????? di?j????
????????????????????????? m˜????????????
m˜ = argmax
m∈M
∑
s∈S(M)
p∑
p=1
rs × di?l(m) (4.5)
???M ???????????????????????????????????
l(m)??i??????m??????????????S(M)??i????????
???m????????????????????? (4.5)????????????
????????????????????????????????????????
31
? 4 ? ???????????????????????????
????????????????????????????????ε-greedy????
?????????????????????????????????????
di?j = αd ×
uj∑
s∈S(m˜)
∑p
p=1 rs
+ (1− αd)× di?j (4.6)
????uj?????????????????????????????∑s∈S(m˜) ∑pp=1 Rs
??????????? m˜???????????????????????????
?????????????????uj??? 0????αd????????????
0?? 1?????????
4.2.4 ????
?????? i????????????????????????????????
????????????????????????????????????i???
?????????Eleaderi ???????????????????? gi???????
?????????
Eleaderi = UT × gi (4.7)
i????????????Ememberi ???????????????????????
?????????????
Ememberi =
∑
s∈S(m˜)
p∑
p=1
rs × di?l(m˜) (4.8)
????????????? 2??????Eleaderi ≥ Ememberi ???????????
????????????????????????????????????????
??????????????????????????Ememberi ??? 0????
4.3 ????????
??????????????????????????????????????
?????????????????????????????
32
? 4 ? ???????????????????????????
4.3.1 ????????????????
?????? i????????? j???????????????????H˜j = (h˜1j
?. . . ?˜hpj) ???????????????????? 0???????????????
????????????????????
1. ??? i? j?????? s????????????????????
2. j????????????????i?????????????Rs?????
??????? H˜j?????????rks ≥ h˜kj ????h˜kj ← rks ????
3. j????????????????????????? H˜j???????
?? 3?????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????
????????????? [54]?????????????????????????
????????????????????????????????????????
????????????????
4.3.2 ?????????
???????????????????????????????????????
?????????????Algorithm 1????
???????????????????? i????????? T ????????
?????????? si????????T ′ = ST \ {si}????????T ′?????
?????????????????????? ε-greedy?????????????
???????????????? s??????????????L????????
???ε????????? i?????? s??????????????L????
????????????????????????????????????????
??????????????????????????? 1− ε???????? i?
???????? s???????????????????????????????
????????????????????
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? 4 ? ???????????????????????????
Algorithm 1 ???????????????????????????
Require: T : ???
K: ????????
i: ???
L: ??????????????????? (??????????)
S ′T ⇐ ST \ {si} //i??????????? ST ????
GpT ⇐ ∅
S ′T ????????????????????????
for all s ∈ T do
l(s)⇐ 0
K ⇐ K \ {i}
for j ∈ K : ei?j???????? do
if h˜kj ≥ r
k
s for ∀k then
GpT ⇐ G
p
T ∪ {j} //j?????????
K ⇐ K \ {j}
l(s)⇐ l(s) + 1
if l(s) = L then
break
end if
end if
end for
if l(s) < L then
a : K?????????????????
K ⇐ K \ {a}
GpT ⇐ G
p
T ∪ {a} //a?????????
l(s)⇐ l(s) + 1
if l(s) = L then
break
end if
end if
end for
34
? 4 ? ???????????????????????????
1. ??? i? T ′????????? (??????)???????????????
????????? s?????????GpT = ∅???????
2. ????????????????GpT ????????????? j???s??
?????? j??????????????????????? (3.1) (????
??????????????)???????j? s?????????????
????GpT ?????????????GpT ??????
3. i? j???????????????????? j2?????????????
????
4. 2??? 3?????????????? L???????????? L????
????????????????????????????????????L
????????????
????? s?????????? L?????????????? s2???????
?????????????i???????? T ?????????????????
????????????????????????????GpT ????????GpT
????????????????????????????????????????
???????????????????????????????G0T ???????
?G0T ?????????????? σT ??????????????
4.3.3 ???? σT ?????
G0T ????????????? i??????????????????i?????
??????? L???????????????????????????????
?????????????????ε-greedy??????????????????
????????????????????????????????????????
?????????????????G0T ?????????????????????
???????????????? (GT?σT?T )?? (3.3)??????????????
???????????????????? (3.3)?????????????????
????????????????????????????????????????
???GT ????
35
? 4 ? ???????????????????????????
4.4 ??????????????????????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????? (Team Formation Method with Resource and Role Learning) ??????
TFR2?????.
4.4.1 ????
?????????????????????????????? [54]??????
????????????????????NoLearning??????????????
??? (CNP)? 3????????????????????????????
???? (RL??)
Dai Hamada and Toshiharu Sugawara[54]??????????????????
? (Role learning ??)????RL????????RL???????????
?????????????????????????????????????
????????????????RL???????????? 4.2??????
??????????????????? 3?????????????????
?????????????????????????????????????
??????????????????
RL?????????????? ε-greedy????????1− ε???????
?????????
1. ??? i????????? (??????)???????????????
??????? s?????????GpT = ∅???????
2. ?????????????GpT ????????????? j???s??
?????? j?????????????????? (3.1)???????j
? s?????????????????GpT ?????????????GpT
??????
3. i? j???????????????????? j2???????????
??????
36
? 4 ? ???????????????????????????
4. 2??? 3?????????????? L??????L????????
?????????????
ε?????????????????????????????????????
? i?????????????????????????????????RL?
?????????????????????Algorithm 2????
Algorithm 2 RL??????????????????
Require: T : ???
K: ????????
i: ???
L: ??????????????????? (??????????)
S ′T ⇐ ST \ {si} //i??????????? ST ????
GpT ⇐ ∅
S ′T ????????????????????????
for all s ∈ T do
l(s)⇐ 0
K ⇐ K \ {i}
for j ∈ K : ei?j???????? do
if hkj ≥ r
k
s for ∀k then
GpT ⇐ G
p
T ∪ {j} //j?????????
K ⇐ K \ {j}
l(s)⇐ l(s) + 1
if l(s) = L then
break
end if
end if
end for
if l(s) < L then
break //??????????
end if
end for
NoLearning??
????????????????????????????????NoLearning
??????NL??????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????
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? 4 ? ???????????????????????????
? 4.1: ?????????
????? ?
???????? |A| 50
??????????????? p 2
????????????? hkj 3 ? 12??????????????? L 2
CNP
?????????????????????????????????? (CNP)
??????CNP????????????????????????????
??????????????????? n?????????????????
????????????????????CNPn??????????????
??? 5????? CNP5????????????????? 1?2?5?10? 4?
???????
CNP??? 2.3.1??? 2.3????????????????????????
?????????????????????????????????????
??????????????????????????????CNP?????
????????????????????????? i???????????
????????????K ?????s??????????????????
????????????? (??????????????????)?????
????????????????????????????
4.4.2 ????
????????????????? 4.1?? 4.2?? 4.3???????????? 50
?????????????????? hkj ? 3?? 12???????????????
????????????????????????????????? L? 2????
?????????????????? |ST |? 3?7????????????????
?????????? rkj ? 1?8???????????????????? λ????
???? 2???????????????
38
? 4 ? ???????????????????????????
? 4.2: ??????????
????? ?
???????? αg 0.1
??????????? αe 0.05
????????? αd 0.05
???? gi???? 0 ? 1?????
??????? ei?j???? 0.5
????? di?j???? 0.5
ε-greedy??? ε 0.05
? 4.3: ??????
????? ?
1 tick????????? λ 2(??????)
s ∈ ST ??????? rkj 1 ? 8??????????????????????? |ST | 3 ? 7?????
4.4.3 ???????
????
?????? 4.1????????????????? 50tick???????????
???????????50???????????????? 5000 tick???????
???????????????????????????????????????
????????????????????????????29000 tick?? 30000 tick
????????????????????RL???? 0.3????????????
????
CNP???CNP5????????????CNP1???????TFR2???RL?
??NL???????????????????????????????????
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? 4 ? ???????????????????????????
0
50
100
150
200
250
300
350
0 5000 10000 15000 20000 25000 30000
?
?
?
?
?
?
?
?
Time (tick)
TFR² RL NL CNP 1
CNP 2 CNP 5 CNP 10
? 4.1: ?????????????
??
TFR2??????
TFR2??????????????????????ε-greedy?????? ε(5?)
????????????????????????????????????????
?????????????????????????????????? 5????
???????????????????????????????????????
????????
TFR2????????????????????????????????????
???????????? ε-greedy???????????????????????
???????????????????????????????????????
????????????????? ε??????????????????????
????????? (1 − ε)????????????????? (?????????
?????????????????????????????????)??????
??????TFR2???????????????????????????????
????????????????????????
???????????????????????????????????????
??????????TFR2???????????????????????????
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? 4 ? ???????????????????????????
????????????????????????????????????????
??????????????????RL????????????????????
?????????????????????????????????RL?????
????????????????????????????????????
?????NL??
?????NL?????????????????????????????????
???????? 3???????????????????????????????
??????????????
CNP????
CNP????????????????????????????????????
??????????????????????????4?????????????
?????????????CNP????????????????????????
??????CNP???????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????? (??????????????????????
???????????????????????????????)?????????
??????????????????????? 1????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????? 4.1???????????????CNP????
????????????????????????????????????????
????????????????????????????????????????
??????????
???????????????? 5???CNP5?CNP????????????
??????????????????????????????CNP10?CNP5??
??CNP1?CNP2?????????????????CNP????????????
????????????????????????????????? (??????
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? 4 ? ???????????????????????????
?)?????????????????????????? (???????????
??????)???????????CNP????????????????????
?????????????????????????????? TFR2??????
?????????????? (?????)??????????????? TFR2?
??RL???NL??????????????? 2???????????????
???????????????????????????????????
4.5 ??????
????? 3?????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????CNP?????????????????
?????????????????????????????????
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?5? ???????????????
???????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????? [67]???????????
????
5.1 ????
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
???????????? 3?????????? 4????????????????
??????????????? 5.1???????????????????????
??????????????????????????????????????
? 5 ? ??????????????????????
???
?????????
????????
????????????
???
?
???
? 5.1: ?????????????
5.2 ????
???????????????????????????????????????
????????????????????????????????????????
????????????????????
?????? i?????????????????Fi?????????M????
M ??????????????????????????Fi???????????
??????A \ {i}???????M ?????????i???Fi????????
??????????????????????????????????Fi?????
?????????????????????????i????? Fi??????? j
???????????j?????Fj? i????????????????????
????????????????????????????? 5.2?????????
????????????????????????????????????????
???????????????????????????????????????
5.2.1 ???????
???????????????????????????????????????
????????????????????????????????????????
44
? 5 ? ??????????????????????
????????????? ???????????
? 5.2: ????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????(????????????????) ??????????????
????? tick?β (0 ≤ β ≤ 1) ?????????? i??????????????
????????????
1. ????????????????? j ∈ Fi??????
2. i? j???????????????? H˜j?????????? ei?j??????
3. i??Fi?? j??????
4. i??????????? A \ {i}?????????????? 1??? Fi??
???
??? i?????????????????????????????????
5.3 ????????????????
5.3.1 ????????????
???????????????????????????????????????
????????????????????????????????????????
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? 5 ? ??????????????????????
? 5.1: ??????????
???? ??????? λ ??????
?? 1 ?? (|A|=50) ??? (λ = 2) ??
?? 2 ?? (|A|=500) ??? (λ = 2) ??
?? 3 ?? (|A|=500) ??? (λ = 15) ??
?? 4 ?? (|A|=500) ??? (λ = 15) ??
? 5.2: ?? 1?????????
????? ?
???????? |A| 50
??????????????? p 2
????????????? hkj 3 ? 12??????????????? L 2
???????????????????????????????????? 5.1??
??????????????M??????????????M = |A|???????
??????????????????? 4?????? TFR2?????????
5.3.2 ??1:??????????????????
?? 1??? 4????????????????????????????????
??????????????????????
?? 1???
????????? 50??1 tick???????? λ???????? 2?????
????????????M ? 15, 20, 30????????????? |A|???4??
????????????????????????????? β = 0.0001?????
?????????????? 5.2?? 5.5????
46
? 5 ? ??????????????????????
? 5.3: ?? 1???????
????? ?
1 tick????????? λ 2(??????)
s ∈ ST ??????? rkj 1 ? 8??????????????????????? |ST | 3 ? 7?????
? 5.4: ??????????
????? ?
???????? αg 0.1
??????????? αe 0.05
????????? αd 0.05
???? gi???? 0 ? 1?????
??????? ei?j???? 0.5
????? di?j???? 0.5
ε-greedy??? ε 0.05
? 5.5: ???????
????? ?
???????M 15?20?30??? |A|
????????? β 0.0001
47
? 5 ? ??????????????????????
0
50
100
150
200
250
300
350
0 5000 10000 15000 20000 25000 30000
?
?
?
?
?
?
?
?
Time (tick)
M = 15
M = 20
M = 30
M = |A| (TFR²)
? 5.3: ????????????????
?? 1???
?? 1??????? 5.3??????? 50 tick?????????????????
30000 tick????????????????? 50????????????????
????????????? (M=15,20,30)?M=|A|????10000 tick ??????
??????????????????????????????????M=|A|??
????????????????
?? 1???
??????????????????????????????????????
????????????????????????????????? (M=15,20,30)
????????????????????????????????????????
????M=|A|????????????????????????????????
??????????????????????????????????????
??????????????????????????????M=|A|??????
????????????????????????????????????????
??M=|A|??????????????????????????????????
????????????????????????????????????????
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? 5 ? ??????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????
???????????????????????????????????????
???????????????????
5.3.3 ??2:??????????????????
?? 2????? 1????????????? 10???? 500??????????
?????????????????????????????????M?15,30,50,100
? |A|??????????? 1????30000 tick????????????????
?????????????????????????? 1?? 5.2?? 5.5?????
????????????????????????????????????????
?????
?? 2???
?? 2??????? 5.4????????? 50 tick??????????????
???30000 tick????????????????? 50?????????????
????????????????????????????????????????
???????? 5000 tick?????????????????
?? 2???
???????????????????????????????????????
???????????????? (?????)?????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????? 4.2.4????????????
?????????????????????????? (4.7)???????????
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? 5 ? ??????????????????????
0
100
200
300
400
500
600
700
800
900
1000
0 5000 10000 15000 20000 25000 30000
?
?
?
?
?
?
?
?
Time (tick)
M = 15
M = 30
M = 50
M = 100
M = |A| (TFR²)
? 5.4: ?????????????????????????????????????
?? 0?????????????????????? (4.8)????????????
?????? 0?????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????? 1??????????????????????????
?????????????????????M=|A|???????????????
???????????????????????????????????
5.3.4 ??3:??????????????????
????????????? 500???? 2??????????????? 15??
????????????????????????????????????????
????????????????????????????????????????
????? 1?? 5.2?? 5.5???????
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? 5 ? ??????????????????????
0
500
1000
1500
2000
2500
3000
0 5000 10000 15000 20000 25000 30000
?
?
?
?
?
?
?
?
Time (tick)
M = 15
M = 30
M = 50
M = 100
M = |A| (TFR²)
? 5.5: ?????????????????????????????????????
?? 3???
?? 3??????? 5.5??????? 50 tick?????????????????
30000 tick????????????????? 50?????????????????
????? 5000 tick??????????????????????????????
????????????????????????????????????????
???????M = 30?50?100?M = |A|????????????????????
????????????M = 15????????????????????????
????????????????????????
?? 3???
M = 100? |A|????M = 30?50??????????? 2?????????
???????????????????????????????????? (???
M ? 100? |A|)????????????????????????????????
????????????????????????????????? (??)???
???????????????????M = |A|???????? 3???????
?????????????????????M = 30?50?????????????
????????????????????????????????????????
???????????????M = 15?????????????????????
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? 5 ? ??????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????? 1???????
????????????????????????????????????????
???????????????????????????????????????
?????????????????????M = 30???????????????
????????????????????????????????????????
?????????????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????M = |A|??
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????M = 30?50???????
????????????????????????????????????????
??????????????????????? (???????)????????
?????
???????????????????????????????????????
????????????
5.3.5 ??4:????????????????????
?? 4???????????????????????????????????
????????????????????????????????????? β?
1/100(0.01)? 1/1000(0.001)??????????? 4???????????????
??????? 3???????
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? 5 ? ??????????????????????
0
500
1000
1500
2000
2500
3000
0 5000 10000 15000 20000 25000 30000
?
?
?
?
?
?
?
?
Time (tick)
M = 15 β = 1 / 100
M = 15 β = 1 / 1000
M = 30 β = 1 / 100
M = 30 β = 1 / 1000
? 5.6: ??????????????????????????
?? 4???
?????? 5.6??????? 50 tick?????????????????30000
tick????????????????? 50???????????M = 15????
M = 30???? β???????????????????????????????
???????????M = 30?β = 1/1000???????????????????
?????????????????
?? 4???
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????? β = 1/100??????1/1000??????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????? 3???
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? 5 ? ??????????????????????
?????????????????????
5.4 ??????
?????? 3????????? 4??????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????
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?6? ???????????????
??????????
?????? 5????????????????????????????????
???????????????????????????????????? 3??
??????????????? 4????? 5??????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????? [68, 69, 70, 71]
???????
6.1 ????
? 5????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????? [72]???????
????????????????????????????????????????
????????????????????????????????? [73]?????
????????????????????????????????????????
? 6 ? ?????????????????????????
?????????? (??)??????????????????
1. ???????????????
2. ???????????????????????
3. ????????????????
????????????????? (???)???????????????????
? [72]????????????????????? [62, 74, 75]??????????
????????????????????????????????????????
????????????????????????????????????????
???????????????
???????????????????????????????????????
????????????????????????????????????????
????????????? (??????????????)???????????
?????????? (???????????????)??????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????
?????????????????? 3??????????????? 4????
? 5??????????????????????????????????????
????????????????????????????????????????
????????????????????????????????? 6.1?????
????????????????
6.2 ????????????
??????????????????????????? 4??? 5??????
???????????????????????????????? 3???????
????????????????????????????????????????
????????????????????????????????
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? 6 ? ?????????????????????????
???
?????????
????????
????????????
???
?
???
????????? ??
????????
??????????
???
? 6.1: ?????????????
6.2.1 ?????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????? (??
????????)???????????????????????????????
????????????????????????????????????????
??? (??????????????)???????? (????????)????
????????????????????????????????????????
??????????????????????? t tick??????????? i? j
????????? ei!j,t????????????????????????
ei!j,t = α× δ
act
j,t + (1− α)× ei!j,t−1 (6.1)
??? α????????0 < α < 1??????δactj,t ???????????????
????????????i?????????????????????? j????
???????? δactj,t =1???????? 0????i???????????????
??????? j ???????????????? j ??????????????
? δactj,t =1???????? 0???????????????????????????
???
57
? 6 ? ?????????????????????????
????????????????????????????????????? i?
j???????????????????????????????????????
????? i???????j??????????????? (?? j? i??????
????????)???????????????????????????????
????????????????????????????????????????
?????????????????????????????? i? j???????
??????????????
ei!j,t = max{ei!j,t−1 − αF , 0} (6.2)
??? 0 ≤ αF (<< 1)????????????????????? tick???????
???????????? [76]??????????????????????????
?????????????????
6.2.2 ?????????????????
???????????????????????????????????????
??Algorithm 3????
???????????????????? i?? 4??? 5???????????
?? T ?????????????????? si????????T ′ = ST \{si}????
????T ′??????????????????????????? ε-greedy???
?????????????????????????? s?????????????
?L???????????ε??????? i?????? s????????????
??L?? s??????????????????????????????????
???????????????????????????????????? 1− ε?
??????? i?????? s?????????????????????????
??????????????????
1. ??? i? T ′???????????????????????????????
???????? s?????????GpT = ∅???????
2. ???????????GpT ????????????? j???s???????
? j???????????????? (3.1)???????j? s???????
??????????GpT ?????????????GpT ??????
58
? 6 ? ?????????????????????????
Algorithm 3 ?????????????????????
Require: T : ???
K: ????????
i: ???
L: ??????????????????? (??????????)
S ′T ⇐ ST \ {si} //i??????????? ST ????
GpT ⇐ ∅
S ′T ????????????????????????
for all s ∈ T do
l(s)⇐ 0
K ⇐ K \ {i}
for j ∈ K:ei!j,t???????? do
if hkj ≥ r
k
s for ∀k then
GpT ⇐ G
p
T ∪ {j} //j?????????
K ⇐ K \ {j}
l(s)⇐ l(s) + 1
if l(s) = L then
break
end if
end if
end for
if l(s) < L then
break //??????????
end if
end for
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? 6 ? ?????????????????????????
3. i? j?????????????????? j2?????????????????
4. 2??? 3?????????????? L???????????? L????
?????????????????????????
????? s??????????L?????????????? s2???????
?????????????i???????? T ?????????????????
????????????????????????????GpT ????????GpT
???????????????????????????????????????
??????????????????????????????????G0T ????
????G0T ????????? σT ???????????????????????
???
6.2.3 ???? σT ?????
G0T ????????????? i??????????????????i?????
???????L????????????????????????????????
?????????????????????ε-greedy??????????????
????????????????????????????????????????
???????????????????G0T ???????????????????
??????????????? (GT?σT?T )?? (3.3)???????????????
??????????????????????????????????????GT
????
6.2.4 ??????????
?????? i????????????????????????????????
??????????????????????????????? t tick??????
??????????????????????????E ldi,t???????Embi,t ??
???????????? i???????E ldi,t????????Embi,t ????????
????????
E ldi,t+1 = α× δ
lsuccess
i,t + (1− α)× E
ld
i,t (6.3)
Embi,t+1 = α× δ
msuccess
i,t + (1− α)× E
mb
i,t (6.4)
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? 6 ? ?????????????????????????
??? 0 < α < 1??????????????
δlsuccessi,t ??i???????????????????? δlsuccessi,t = 1????? 0??
??δmsuccessi,t ??i???????????????????????????????
????????????? δmsuccessi,t = 1????? 0????
??????????????????????? i????????E ldi,t?Embi,t ??
???????????????????????????????ε-greedy?????
??ε??????????????????????????????????????
Q???????????????????????????????????????
??????????????????????????
6.3 ?????????????
??????????????????????? (??????????????)?
????????????????????????????????????????
????????????????
6.3.1 ?????????????
???????????????????????????????????????
???????????????????????????????????????
?????????????????????? i????????????? F i??
????????????????????????????????????????
???????????????????????????????????????
?????EJ ????i???? j??????????? (6.1)??????????
???????????????ei!j,t > EJ ??? j??????????????F i
??????
????????????????????????????? (6.2)???????
????????F i?????????EJ????????????????????
????????????? F i?????????????????ei!k,t < EJ ???
?????? k ∈ F i???????? F i?????
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? 6 ? ?????????????????????????
6.3.2 ?????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???
???????????
???????????????????????????????????????
????????????????? L???????????
???????????
???????????????????????????????????????
????????????????????????????????????????
???? L??????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????? L? 2?????????????
?????????????????? 2???????? 2????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????
????????
????????????????? (???????????????????)?
????????????????????????????????????????
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? 6 ? ?????????????????????????
????????????????
????????
??????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????m???????????? l?????
???????????(a) ??????????????b????????????
????????????????????????????????????????
???? l?????????m?????????????????????????
????????????????? l?m???????????????????
????????????????????????????????????????
??????????????????
6.3.3 ??????
?????? i????????????????????????????????
?????????????????????????? 1??????????????
?????????????????? F i = ∅??????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
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? 6 ? ?????????????????????????
6.4 ????:??????????????
6.4.1 ????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????? 4??? 5??????????????
????????????????????????Cytoscape [77]?????????
??????????????????????
????
??????????????? 3?????????
????
???????????????????????????????????????
????????????????????????????????????????
??????? (?????)??????????????????????????
???????????????????? F i = ∅????????????????
??????
??????? (SGS)
??????????????????????????????????????
????????????????????????????????????????
????????????????????????????????? 5????? 6
????????????? 1?????? SGS 6??????????? 6????
? 7????????????? 1?????? SGS 7??????????????
?????? 6??? 7?????????????????????????????
? (??????????????)?????????????????? 6?????
??? |A| = 504????????????????? 84? 72????
???? 2 (???????)
???????????????????????????????????????
????????????????????????????????????????
?????????????????? L????????????????????
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? 6 ? ?????????????????????????
? 6.1: ???????????
????? ?
???????? |A| 500
??????????????? p 6
????????????? hkj 1 or 0?????????? L 2
???????????? EJ 0.5
? 6.2: ?????????
????? ?
1 tick??????? λ 5?? 30
s ∈ ST ??????? rkj 1 or 0?????????????????? |ST | 3 ?? 6?????
????????????????????????????????????????
????????????????????????????? 2 (???????)??
????????????????????????????????????????
(????????????)???????????????? 2 (???????)??
?????????????????????????????
6.4.2 ??1:?????????????????
???????????????????????????????????????
?? λ? 5, 10, 15, 20, 25, 30???????????????????????????
????????????????????????????????????????
???????????? 6.1?? 6.3????
???????????????????
???????? 50 tick?????????????????50000 tick?????
???????????? 30???????????λ??????????????
65
? 6 ? ?????????????????????????
? 6.3: ??????????
????? ?
????????? 0.1
????????? 0.5
??? α 0.05
ε-greesy??? ε 0.01
??? αF 0.00005
0
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0 10000 20000 30000 40000 50000
?
?
?
?
?
?
?
?
Time (tick)
????
???????????????
????
SGS 6
SGS 7
? 6.2: λ = 5?????????????????
? 6.2?? 6.7????
????λ = 5???????????????????????????λ = 25??
??????????????????????λ = 30??????????????
?????????????????????????
λ = 5 (? 6.2)????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
?????????????????????????????
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? 6 ? ?????????????????????????
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? 6.3: λ = 10?????????????????
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???????????????
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SGS 6
SGS 7
? 6.4: λ = 15?????????????????
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? 6 ? ?????????????????????????
0
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????
???????????????
????
SGS 6
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? 6.5: λ = 20?????????????????
0
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????
???????????????
????
SGS 6
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? 6.6: λ = 25?????????????????
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? 6 ? ?????????????????????????
0
100
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700
800
900
1000
1100
0 10000 20000 30000 40000 50000
?
?
?
?
?
?
?
?
Time (tick)
????
???????????????
????
SGS 6
SGS 7
? 6.7: λ = 30?????????????????
???λ = 10?25 (? 6.3?? 6.6)???????????????????????
?????????λ = 30 (? 6.7)????????????????????????
?????????????????????? λ = 25 (? 6.6)??????????
????????????????????????????????????????
???????????????????SGS???????????????????
????????????????????????????????????????
???????????????????????? (???????????????
??)????????????????????????
????????
?????????? λ? 5?? 30?? 5?????????????? (? 6.2??
6.7)????????? 40000?? 50000 tick???????????????????
????????????????????????
T (????)− T (????)
T (????) ∗100 (%) (6.5)
????????????????????????????????????????
????T (????)??????????????????????? 2 (??????
?)??????SGS6?SGS7?????????
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? 6 ? ?????????????????????????
-20
0
20
40
60
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100
120
5 10 15 20 25 30
?
?
?
?
??
??
?????? ???
???????????????
????
SGS 6
SGS 7
? 6.8: ??????????
???????? 6.8????? 6.8????????? λ????????????
???????????????????λ = 5??????????????????
????????????????? λ? 25??????????????????λ?
30???????????????SGS6??? SGS7???????????????
?????????????????λ? 15???????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????
????????
??????????????????????????????????????
???? Cytoscape [77]????????????????????????????
50000 tick???????????????????????????? 6.4?????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????? λ = 20?????????? 5000 tick (45000?? 50000 tick???
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? 6 ? ?????????????????????????
? 6.4: ??????
????? ?
????????? ?????
????????????? ???????
????????????? ???????
????????????????? ??? (??)
?????????????????? 10????????????????????
?????????????????????????????????? 10????
??????????????????????????????????SGS6???
SGS7??????????????????????????????????????
????????? 6.9??????????? (???????)??????????
??? 6.10??????????????????????????????????
????????? 6.11? 2???????????? 6.12?SGS6?? 6.13?SGS7?
? 6.14????
SGS???????????????????? 6????? 7?????????
???????????? 6.10?? 6.12?????????????? 2 (??????
?)??????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????? 2 (?
??????)?????????????????????????????????
???????????????????? 6.11????????????? 4????
?????????????????????????????????????? 6.11
????????????????????????????????????????
???????????????????????????????????????
????? 5000 tick??????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
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? 6 ? ?????????????????????????
? 6.9: ?????????????
? 6.10: ???? 2 (???????)?????????
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? 6 ? ?????????????????????????
? 6.11: ???? 2 (???????) ????????? (?????????????)
? 6.12: ?????????????
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? 6 ? ?????????????????????????
? 6.13: SGS 6?????????
? 6.14: SGS 7?????????
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? 6 ? ?????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???? 2 (???????)??????????????????????????
????????????????????????????????????????
?????????????
?? 1????
??????? 1????????????????????
???? 6.8???? 6.2?? 6.7????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????? 2 (???????)
????????????????????????????????? 6.4.2????
????????????????????????????????????????
??????????????????????? λ????????????????
???????????????????????????λ? 5??????????
???????
????????? 6.8???????? λ???????????????????
???????????????????????????????????????
???λ? 25 ??????????????????????????????????
??? [78]??????????????????? (sweet spot, SS) ???????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????? (SS) ??
?????????????????????????????????????? 6.8
????????????????????????????????????????
??????????????????????????
????? SGS6??? SGS7??????????????????????????
???? 2????????????????????Daniel D. Corkill, Daniel Garant,
and Victor R. Lesser[78]?????????????????????????????
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? 6 ? ?????????????????????????
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? 6.15: ?????????
????????????????????????????????? SGS?????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????? (??????
???????)????????????????????????????????
????????????????????????????????????????
??????
6.4.3 ??2:????????????????????
?? 2????????? λ??????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??? 6.15? 50 tick???????? (??????????)???????????
?????????????????????????????????????? λ?
????????????
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? 6 ? ?????????????????????????
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? 6.16: ?????????????????????
?? 2???
?? 2????????????????????????????????????
????????????????????????????????????????
?????????????????? 6.16???????????????????
? 6.17??? 6.21???????? 50 tick?????????????????50000
tick????????????????? 30???????????
???????????????? 2 (???????)?SGS7??????????
?????????????????????????
?? 2???
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????
????????? (? 6.17)??????? 2 (???????) (? 6.18)?SGS7 (?
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? 6 ? ?????????????????????????
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? 6.17: ??????????????????????
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? 6 ? ?????????????????????????
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? 6.19: ??????????????????????
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? 6 ? ?????????????????????????
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SGS 7
? 6.21: ?????????? SGS 7????????
6.21)????????????????????????????????? 2 (??
?????)??????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????? 2 (???????)????????????????????
??????????????? 1????????????????????????
??????????????????????????????SGS7???????
????????????????????????????????????????
?????????????????????????????????????? (?
???)????????????????????????????????????
????????????????????????????????????????
???????????????????????SGS6 (? 6.21)? SGS7??????
????????????????????????????????????????
????? 1??????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????? (? 6.19)????????????????????
80
? 6 ? ?????????????????????????
? 6.5: ???????????? |ST |
?? (tick) ?????????????????? |ST |
0-99999 3-6?????
100000-149999 4-8?????
150000-200000 3-6?????
????????????????????????????????????????
????????????????????????????????????????
???????????
???????????????????????????????????????
???????????????????????????????????????
???
6.4.4 ??3:????????????????
?? 3????????????????????????????????????
?????????????????????????????????????? |ST |
? 3− 6????????????????????????????????????
???????? λ? 15??????????????????? |ST |????? 6.5
????????????????????????? 1???????
?? 3???
?? 3??????? 6.22??????? 50 tick?????????????????
200000 tick????????????????? 30???????????
???????100000 tick????λ = 15???????????????????
??100000 tick?? 150000 tick?????????????????????????
?????????????????????? 1?????????????????
???????????????????????????????????????
????????????????????????????????????????
????? 2 (???????)?????????????????????????
81
? 6 ? ?????????????????????????
0
100
200
300
400
500
600
700
800
0 50000 100000 150000 200000
?
?
?
?
?
?
?
?
Time (tick)
????
???????????????
????
SGS 6
SGS 7
? 6.22: ????????????????????????
??????????????????SGS???????????????????
????????150000 tick???????????????????????????
?????????????????????????
?? 3???
?????????????????? tick???????????
???0 tick?? 100000 tick??
??????????????????? λ = 15????????????????
??????? 1????????????????????????????????
???????
???100000 tick?? 150000 tick
???????????????????????????????????????
????????????????????????????????????????
82
? 6 ? ?????????????????????????
?????????????????????????????????????? 2 (?
??????)?????????????????????????? 2??????
????????????????????????????????????? 2 (?
??????)????????????? 2???????????????????
???????????? 1?????? (? 6.10)????????????????
????????????????????????????????????????
????????????????????????????????????????
????SGS6? SGS7?????????????????????????????
????????????????????????????????????????
????????????????????
???150000 tick??
???????????????????????????????????????
????????????????????????????????????????
???????????????SGS6???? 7??????????????????
????????????????????????????????????????
???????????????????????? 2 (???????)???????
????????????????????????????????????????
????????????????????????????????????????
????? (???)??????????????????????????????
???????????????????????????? (???????????
??)?????????????????????????????????????
????????????????????????????????????????
???????????????? 2 (???????)???????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????? (??????????????)?????????? (?????
????????)???????????????????????????????
?? (????????????????????)????????????? (???
83
? 6 ? ?????????????????????????
??????????)?????????????????????????????
?????????????????????????????????? 2 (????
???)????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????
6.5 ?????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????
84
85
?7? ??
7.1 ???
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????? 2??????????????
???????
(A) ??????????????????????????
(B) ???????????????????
???(A)???????? 4?????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
???
???(B)????????? 5????????????????????????
6??????????????????????? 2???????????????
???????????? (???????????????????????????
?)??????????????????????? (?????????????)?
????????????????????????????????????????
?????????????????????????????????????
????????????(???)???????????????????????
????????????????????????????
? 7 ? ??
7.2 ?????
?????????????????
?????????
???????????????????????????????????????
????????????????????????????????????????
?????????????????????????????? (?????????
???????????????????????)????????????????
??????????????????????
??????????????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
?????????????????????????? (?????????????)
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????? (???? 6?
??? 3?????????????????????????????????)??
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????
86
? 7 ? ??
?????????????????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????
???????????
???????????????????????????????????????
????????????????????????????????????????
?????????????????????? (?????????????????
??)?????????????????????????????????????
???????????????????????????????????????
87

89
??
???????????????????????????????????????
?????????????????????????????
???????????????????????????????????????
?????? 4?????????????????????????????????
????????????????????????????????????????
??????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
???????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????
???????????????????????????????????????
??????????????????????
??????????????????????????????
????????????

91
????
[1] Ala Al-Fuqaha, Mohsen Guizani, Mehdi Mohammadi, Mohammed Aledhari, and
Moussa Ayyash. Internet of Things: A Survey on Enabling Technologies, Protocols
and Applications. Vol. 17, p. Fourthquarter 2015, November 2015.
[2] J. A. Stankovic. Research Directions for the Internet of Things. IEEE Internet of
Things Journal, Vol. 1, No. 1, pp. 3–9, February 2014.
[3] ??BP????. ?????? ? 2?. ??BP?, ? 2, April 2010.
[4] Michael Armbrust, Armando Fox, Rean Griffith, Anthony D. Joseph, Randy Katz,
Andy Konwinski, Gunho Lee, David Patterson, Ariel Rabkin, Ion Stoica, and Matei
Zaharia. A View of Cloud Computing. Commun. ACM, Vol. 53, No. 4, pp. 50–58,
April 2010.
[5] Ragunathan (Raj) Rajkumar, Insup Lee, Lui Sha, and John Stankovic. Cyber-
physical Systems: The Next Computing Revolution. In Proceedings of the 47th Design
Automation Conference, DAC ’10, pp. 731–736, New York, NY, USA, 2010. ACM.
[6] ????, ????. ?????????????? IoT(????????????
??????????). ????, Vol. 57, No. 11, pp. 826–834, 2015.
[7] H. Farhangi. The Path of the Smart Grid. IEEE Power and Energy Magazine, Vol. 8,
No. 1, pp. 18–28, January 2010.
[8] X. Fang, S. Misra, G. Xue, and D. Yang. Smart Grid;The New and Improved Power
Grid:A Survey. IEEE Communications Surveys Tutorials, Vol. 14, No. 4, pp. 944–
980, Fourth 2012.
[9] M. N. Huhns, M. P. Singh, and Burstein. Research Directions for Service-Oriented
Multiagent Systems. Internet Computing, IEEE, Vol. 9, No. 6, pp. 65–70, 2005.
????
[10] Sebastian Stein, Enrico Gerding, and Nicholas R. Jennings. Optimal Task Migration
in Service-Oriented Systems: Algorithms and Mechanisms. In Proceedings of the
19th European Conference on Artificial Intelligence, pp. 73–78, Amsterdam, The
Netherlands, The Netherlands, 2010. IOS Press.
[11] B. Dunin-Keplicz and R. Verbrugge. Teamwork in Multi-Agent Systems: A Formal
Approach. Wiley Series in Agent Technology. Wiley, 2011.
[12] Onn Shehory and Sarit Kraus. Methods for task allocation via agent coalition for-
mation. Artificial Intelligence, Vol. 101, No. 1, pp. 165 – 200, 1998.
[13] Somchaya Liemhetcharat and Manuela Veloso. Modeling and Learning Synergy for
Team Formation with Heterogeneous Agents. In Proceedings of the 11th International
Conference on Autonomous Agents and Multiagent Systems - Volume 1, AAMAS ’12,
pp. 365–374, Richland, SC, 2012. International Foundation for Autonomous Agents
and Multiagent Systems.
[14] Marc Pujol-Gonzalez, Jesus Cerquides, Alessandro Farinelli, Pedro Meseguer, and
Juan Antonio Rodriguez-Aguilar. Efficient Inter-Team Task Allocation in RoboCup
Rescue. In Proceedings of the 2015 International Conference on Autonomous Agents
and Multiagent Systems, AAMAS ’15, pp. 413–421, Richland, SC, 2015. International
Foundation for Autonomous Agents and Multiagent Systems.
[15] Sarvapali D. Ramchurn, Alessandro Farinelli, Kathryn S. Macarthur, and Nicholas R.
Jennings. Decentralized Coordination in RoboCup Rescue. Comput. J., Vol. 53,
No. 9, pp. 1447–1461, November 2010.
[16] ????. ???????? (????????? 8). ????, November 1997.
[17] ???. ?????????? (????????????????). ???????
(Journal of Japanese Society for Artificial Intelligence), Vol. 10, No. 5, pp. 663–667,
September 1995.
[18] S.J. Russell and P. Norvig. Artificial Intelligence: A Modern Approach. Prentice
Hall Series in Artificial Intelligence. Prentice Hall/Pearson Education, 2003.
92
????
[19] Shinichi Nakasuka, Takehisa Yairi, and Hiroyuki Wajima. Autonomous Generation
of Reflexion-based Robot Controller Using Inductive Learning. Robotics and Au-
tonomous Systems, Vol. 17, No. 4, pp. 287 – 305, 1996.
[20] ???,????,????. ?????????????. ????????, 1999.
[21] Christopher J.C.H. Watkins and Peter Dayan. Technical Note: Q-Learning. Machine
Learning, Vol. 8, No. 3, pp. 279–292, May 1992.
[22] ????. ???????????? - GA?????. ????, September 1994.
[23] Jingan Yang and Zhenghu Luo. Coalition Formation Mechanism in Multi-agent
Systems based on Genetic Algorithms. Appl. Soft Comput., Vol. 7, No. 2, pp. 561–
568, March 2007.
[24] Sebastian Raschka. Python?????????????????????????
??????? (impress top gear). ?????, June 2016.
[25] ????. ?????????????? (????????????). ????,
July 1998.
[26] ???????????:?????????. ????, 2003.
[27] Michael Woolridge and Michael J. Wooldridge. Introduction to Multiagent Systems.
John Wiley Sons, Inc., New York, NY, USA, 2001.
[28] Alan H. Bond. Readings in Distributed Artificial Intelligence. Morgan Kaufmann
Pub, August 1988.
[29] ????GA???????????????????????. ????????
???:?????????????????????????. ????, 2002.
[30] ????. ????????????????. ?????, Vol. 32, No. 10, pp.
789–796, 1993.
[31] G. Wu, S. Talwar, K. Johnsson, N. Himayat, and K. D. Johnson. M2M: From Mobile
to Embedded Internet. IEEE Communications Magazine, Vol. 49, No. 4, pp. 36–43,
April 2011.
93
????
[32] ????,??,?. ?????? (2) : ??????. ??????? Journal of
Japanese Society for Artificial Intelligence, Vol. 8, No. 1, pp. 17–25, January 1993.
[33] ?? ??. ????????????????????? (???????????
?????). ??????? Journal of Japanese Society for Artificial Intelligence,
Vol. 10, No. 5, pp. 690–696, September 1995.
[34] Reid Garfield Smith. A Framework for Problem-solving in a Distributed Processing
Environment. PhD thesis, Stanford, CA, USA, 1979. AAI7912412.
[35] L. D. ERMAN. Hearsay-II???????? : ????????????????.
???????????, pp. 53–91, 1981.
[36] L.D. Erman, F. Hayes-Roth, V.R. Lesser, and D.R. Reddy. The HEARSAY-II Speech
Understanding System: Integrating Knowledge to Resolve Uncertainty. Computing
Surveys, Vol. 12, No. 2, pp. 213–253, June 1980.
[37] R. G. SMITH. The Contract Net Protocol: High-level Communication and Control
in a Destributed Problem Solver. IEEE Transactions on Computers, Vol. 29, No. 12,
pp. 1104–1113, 1980.
[38] Tuomas Sandholm. An Implementation of the Contract Net Protocol Based on
Marginal Cost Calculations. In Proceedings of the Eleventh National Conference
on Artificial Intelligence, AAAI’93, pp. 256–262. AAAI Press, 1993.
[39] Toshiharu Sugawara, Toshio Hirotsu, Satoshi Kurihara, and Kensuke Fukuda. Per-
formance Variation due to Interference among a Large Number of Self-interested
Sgents. In IEEE Congress on Evolutionary Computation, pp. 766–773. IEEE, 2007.
[40] Randall Davis and Reid G. Smith. Negotiation as a Metaphor for Distributed Problem
Solving, pp. 51–97. Springer Berlin Heidelberg, Berlin, Heidelberg, 2003.
[41] Jonathan Billington, AmarKumar Gupta, and GuyEdward Gallasch. Modelling and
Analysing the Contract Net Protocol - Extension Using Coloured Petri Nets. In
Formal Techniques for Networked and Distributed Systems–FORTE 2008, Vol. 5048
of Lecture Notes in Computer Science, pp. 169–184. Springer Berlin Heidelberg, 2008.
94
????
[42] Gaojun Fan, Hongbing Huang, and Shiyao Jin. An Extended Contract Net Pro-
tocol Based on the Personal Assistant. Computing, Communication, Control and
Management, ISECS International Colloquium on, Vol. 2, pp. 603–607, 2008.
[43] Cheng Gu and Toru Ishida. Analyzing the social behavior of Contract Net Protocol.
In Walter Van de Velde and John W. Perram, editors, Agents Breaking Away, pp.
116–127, Berlin, Heidelberg, 1996. Springer Berlin Heidelberg.
[44] Michael Schillo, Christian Kray, and Klaus Fischer. The Eager Bidder Problem:
A Fundamental Problem of DAI and Selected Solutions. In Proceedings of the First
International Joint Conference on Autonomous Agents and Multiagent Systems: Part
2, AAMAS ’02, pp. 599–606, New York, NY, USA, 2002. ACM.
[45] Toshihiro Matsui and Hiroshi Matsuo. A constraint based formalisation for dis-
tributed cooperative sensor resource allocation. International Journal of Intelligent
Information and Database Systems, No. 4, pp. 307–321.
[46] Sherief Abdallah and Victor Lesser. Organization-Based Cooperative Coalition For-
mation. In Proceedings of the IEEE/WIC/ACM International Conference on Intel-
ligent Agent Technology, IAT ’04, pp. 162–168, Washington, DC, USA, 2004. IEEE
Computer Society.
[47] Ryota Katayanagi and Toshiharu Sugawara. Efficient Team Formation Based on
Learning and Reorganization and Influence of Communication Delay. In Proceed-
ings of the 2011 IEEE 11th International Conference on Computer and Information
Technology, CIT ’11, pp. 563–570, Washington, DC, USA, 2011. IEEE Computer
Society.
[48] Kazuki Urakawa and Toshiharu Sugawara. Reorganization of Agent Networks with
Reinforcement Learning Based on Communication Delay. Web Intelligence and In-
telligent Agent Technology, IEEE/WIC/ACM International Conference on, Vol. 2,
pp. 324–331, 2012.
[49] Liat Sless, Noam Hazon, Sarit Kraus, and Michael Wooldridge. Forming Coalitions
and Facilitating Relationships for Completing Tasks in Social Networks. In Proceed-
ings of the 2014 International Conference on Autonomous Agents and Multi-agent
95
????
Systems, AAMAS ’14, pp. 261–268, Richland, SC, 2014. International Foundation
for Autonomous Agents and Multiagent Systems.
[50] Onn Shehory and Sarit Kraus. Methods for Task Allocation via Agent Coalition
Formation. Artif. Intell., Vol. 101, No. 1-2, pp. 165–200, May 1998.
[51] Onn Shehory and Sarit Kraus. Feasible Formation of Coalitions Among Autonomous
Agents in Non-Super-Additive Environments. Computational Intelligence, Vol. 15,
No. 3, 1999.
[52] Carlos Merida-Campos and Steven Willmott. Modelling Coalition Formation over
Time for Iterative Coalition Games. In Proceedings of the Third International Joint
Conference on Autonomous Agents and Multiagent Systems - Volume 2, AAMAS
’04, pp. 572–579, Washington, DC, USA, 2004. IEEE Computer Society.
[53] Thomas Genin and Samir Aknine. Coalition Formation Strategies for Self-Interested
Agents in Task Oriented Domains. In International Conference on Intelligent Agent
Technology, pp. 205–212, November 2010.
[54] Dai Hamada and Toshiharu Sugawara. Autonomous Decision on Team Roles for
Efficient Team Formation by Parameter Learning and its Evaluation. Intelligent
Decision Technologies, Vol. 7, No. 3, pp. 163–174, 2013.
[55] Somchaya Liemhetcharat and Manuela Veloso. Modeling and Learning Synergy for
Team Formation with Heterogeneous Agents. In Proceedings of the 11th International
Conference on Autonomous Agents and Multiagent Systems - Volume 1, AAMAS ’12,
pp. 365–374, Richland, SC, 2012. International Foundation for Autonomous Agents
and Multiagent Systems.
[56] Christian Guttmann. Making Allocations Collectively: Iterative Group Decision
Making under Uncertainty. In Ralph Bergmann, Gabriela Lindemann, Stefan Kirn,
and Michal Pechoucek, editors, MATES, Vol. 5244 of Lecture Notes in Computer
Science, pp. 73–85. Springer, 2008.
[57] Makoto Yokoo and Katsutoshi Hirayama. Algorithms for Distributed Constraint
Satisfaction: A Review. Autonomous Agents and Multi-Agent Systems, Vol. 3, No. 2,
pp. 185–207, June 2000.
96
????
[58] Alan K. Mackworth. The Logic of Constraint Satisfaction. Artificial Intelligence,
Vol. 58, No. 1, pp. 3 – 20, 1992.
[59] R. T. Maheswaran, M. Tambe, E. Bowring, J. P. Pearce, and P. Varakantham. Tak-
ing DCOP to the Real World: Efficient Complete Solutions for Distributed Multi-
event Scheduling. In Proceedings of the Third International Joint Conference on
Autonomous Agents and Multiagent Systems, 2004. AAMAS 2004., pp. 310–317,
July 2004.
[60] J. Von Neumann and O. Morgenstern. Theory of Games and Economic Behavior.
Princeton University Press, 1947.
[61] S. Hargreaves-Heap and Y. Varoufakis. Game Theory: A Critical Introduction. Taylor
& Francis, 2004.
[62] R Axelrod and WD Hamilton. The Evolution of Cooperation. Science, Vol. 211, No.
4489, pp. 1390–1396, 1981.
[63] Werner Gth, Rolf Schmittberger, and Bernd Schwarze. An Experimental Analysis
of Ultimatum Bargaining. Journal of Economic Behavior & Organization, Vol. 3,
No. 4, pp. 367 – 388, 1982.
[64] Yuki Miyashita, Masashi Hayano, and Toshiharu Sugawara. Formation of Association
Structures Based on Reciprocity and Their Performance in Allocation Problems, pp.
262–281. Springer International Publishing, Cham, 2016.
[65] I. Stojmenovic and S. Wen. The Fog Computing Paradigm: Scenarios and Security
Issues. In 2014 Federated Conference on Computer Science and Information Systems,
pp. 1–8, September 2014.
[66] Toshiharu Sugawara Masashi Hayano, Dai Hamano. Role and Member Selection in
Team Formation Using Resource Estimation. In Proceedings of the 7th International
KES Conference on Agents and Multi-agent Systems - Technologies and Applications
(KES-AMSTA 2013) (published as Frontiers in Artificial Intelligence and Applica-
tions, Vol. 252, pp. 125 – 136, 2013.
[67] Masashi Hayano, Dai Hamada, and Toshiharu Sugawara. Role and Member Selection
in Team Formation Using Resource Estimation for Large-scale Multi-agent Systems.
97
????
Neurocomputing, Vol. 146, No. Supplement C, pp. 164 – 172, 2014. Bridging Ma-
chine learning and Evolutionary Computation (BMLEC) Computational Collective
Intelligence.
[68] Masashi Hayano, Yuki Miyashita, and Toshiharu Sugawara. Switching Behavioral
Strategies for Effective Team Formation by Autonomous Agent Organization. In
ICAART 2016 - Proceedings of the 8th International Conference on Agents and Ar-
tificial Intelligence, Vol. 1, pp. 56–65. SciTePress, 2016.
[69] Masashi Hayano, Yuki Miyashita, and Toshiharu Sugawara. Adaptive Switching
Behavioral Strategies for Effective Team Formation in Changing Environments. pp.
37–55, Cham, 2017. Springer International Publishing.
[70] ????, ????, ????. ???????????????????????
????????. ?????????, Vol. 31, No. 6, pp. AG F 1–11, 2016.
[71] Naoki Iijima Masashi Hayano and Toshiharu Sugawara. Asynchronous Agent Teams
for Collaborative Tasks Based on Bottom-Up Alliance Formation and Adaptive Be-
havioral Strategies. In Proceedings of The 15th IEEE International Conference on
Dependable, Autonomic and Secure Computing (DASC 2017), Vol. 252, pp. 589–596,
2013.
[72] Robert L. Trivers. The Evolution of Reciprocal Altruism. The Quarterly Review of
Biology, Vol. 46, No. 1, p. 35, 1971.
[73] ????. ?????????. ????????, March 2010.
[74] Hisashi Ohtsuki and Yoh Iwasa. The Leading Eight: Social Norms that can Maintain
Cooperation by Indirect Reciprocity. Journal of Theoretical Biology, Vol. 239, No. 4,
pp. 435 – 444, 2006.
[75] Ernst Fehr and Urs Fischbacher. Why Social Preferences Matter – The Impact of
Non-Selfish Motives on Competition, Cooperation and Incentives. Economic Journal,
Vol. 112, No. 478, pp. C1–C33, 2002.
[76] Marco Dorigo and Gianni Di Caro. New Ideas in Optimization. chapter The Ant
Colony Optimization Meta-heuristic, pp. 11–32. McGraw-Hill Ltd., UK, Maidenhead,
UK, England, 1999.
98
????
[77] Cytoscape. http://www.cytoscape.org.
[78] Daniel D. Corkill, Daniel Garant, and Victor R. Lesser. Exploring the Effective-
ness of Agent Organizations. In Virginia Dignum, Pablo Noriega, Murat Sensoy, and
Jaime Sima˜o Sichman, editors, Coordination, Organizations, Institutions, and Norms
in Agent Systems XI: COIN 2015 International Workshops, COIN@AAMAS, Istan-
bul, Turkey, May 4, 2015, COIN@IJCAI, Buenos Aires, Argentina, July 26, 2015,
Revised Selected Papers, pp. 78–97, Cham, 2016. Springer International Publishing.
99

101
?????
1. ???
??????, ????, ????,“????????????????????
???????????”,??????? ?????????, Vol. 31, No. 6,
p.AG-F 1-11, 2016. DOI: 10.1527/tjsai.AG-F
??Masashi Hayano, Dai Hamada and Toshiharu Sugawara,“Role and Member
Selection in Team Formation Using Resource Estimation for Large-Scale Multi-
Agent Systems” Neurocomputing, Volume 146, Pages 164-172, Elsevier, ISSN:
0925-2312, Dec. 25 2014. DOI: 10.1016/j.neucom.2014.04.059
2. ???? (????)
??Masashi Hayano, Naoki Iijima and Toshiharu Sugawara “Asynchronous Agent
Teams for Collaborative Tasks Based on Bottom-Up Alliance Formation and
Adaptive Behavioral Strategies,” Proccedings of The 15th IEEE International
Conference on Dependable, Autonomic and Secure Computing (DASC 2017),
Orlando, Florida, USA, November 6-10, 2017.
??Masashi Hayano, Yuki Miyashita and Toshiharu Sugawara, “Adaptive Switch-
ing Behavioral Strategies for Effective Team Formation in Changing Environ-
ments,” Agents and Artificial Intelligence (Revised and selected papers from
ICAART 2016), LNAI (LNCS) 10162, Springer, pp. 37-55, 2017. DOI: 10.1007/978-
3-319-53354-4 3
??Masashi Hayano, Yuki Miyashita and Toshiharu Sugawara, “Switching Behav-
ioral Strategies for Effective Team Formation by Autonomous Agent Organiza-
tion,” Proceedings of the 8th International Conference on Agents and Artificial
Intelligence, pp. 56-65, Feb. 24-26, 2016. DOI: 10.5220/0005748200560065
??Masashi Hayano, Dai Hamada and Toshiharu Sugawara, “Role and Member
Selection in Team Formation Using Resource Estimation,” Proceedings of the 7th
?????
International KES Conference on Agents and Multi-agent Systems - Technolo-
gies and Applications (KES-AMSTA 2013) (published as Frontiers in Artificial
Intelligence and Applications, Vol. 252), pp. 125-136, IOS Press, May 27-29,
2013. DOI: 10.3233/978-1-61499-254-7-125
?Naoki Iijima, Ayumi Sugiyama, Masashi Hayano and Toshiharu Sugawara, “Adap-
tive Task Allocation Based on Social Utility and Individual Preference in Dis-
tributed Environments,” Proceedings of 21st International Conference on Knowledge-
Based and Intelligent Information Engineering Systems (KES 2017), Proce-
dia Computer Science, Vol. 112, pp. 91-98, Elsevier, Sep. 6-8, 2017.DOI:
10.1016/j.procs.2017.08.177
?Naoki Iijima, Masashi Hayano, Ayumi Sugiyama and Toshiharu Sugawara, “Anal-
ysis of Task Allocation Based on Social Utility and Incompatible Individual Pref-
erence,” Proceedings of the 21st Conference on Technologies and Applications of
Artificial Intelligence (TAAI 2016), pp. 24-31, IEEE Xplore, Nov. 2016. DOI:
10.1109/TAAI.2016.7880161
?Yuki Miyashita, Masashi Hayano and Toshiharu Sugawara, “Formation of As-
sociation Structures Based on Reciprocity and Their Performance in Allocation
Problems,” Coordination, Organizations, Institutions, and Norms in Agent Sys-
tems XI (COIN book 2015), LNAI Vol. 9628, pp. 262-281, Springer, 2016. DOI:
10.1007/978-3-319-42691-4 15
?Ryutaro Kawaguchi, Masashi Hayano, and Toshiharu Sugawara, “Balanced Team
Formation for Tasks with Deadlines,” Proceedings of 2015 IEEE/WIC/ACM In-
ternational Conference on Web Intelligence and Intelligent Agent Technology
(WI-IAT 15), pp. 234-241, IEEE Computer Society Press, Dec. 6-9, 2015. DOI:
10.1109/WI-IAT.2015.57
?Yuki Miyashita, Masashi Hayano and Toshiharu Sugawara, “Self-Organizational
Reciprocal Agents for Conflict Avoidance in Allocation Problems,” Proceedings
of 9th IEEE International Conference on Self-Adaptive and Self-Organizing Sys-
tems (SASO 2015), pp 151-155, IEEE Xplore, September 21-15, 2015. DOI:
10.1109/SASO.2015.24
?Yuki Miyashita, Masashi Hayano and Toshiharu Sugawara, “Association Forma-
tion Based on Reciprocity for Conflict Avoidance in Allocation Problems,” Pro-
102
?????
ceedings of Workshop on Coordination, Organizations, Institutions and Norms
in Agent Systems (COIN 2015), (held in conjunction with the 12th International
Conference on Autonomous Agents and Multiagent Systems (AAMAS2015)), pp.
143-157, May 4-8, 2015. IFAAMAS
3. ???? (????)
?????, ????, ????, “?????????????????????
?????,” ?????????????? (JAWS2015)???, ??????
??? ??????????????????? ????????, Sep. 30 -
Oct. 2, 2015.
?????, Vourchteang Sea, ????, ????, “?????????????
?????????????,” ?????????????? ??? (JAWS
2017), ???????????????????????????? ????
????, Sep. 15-17, 2017.
?????, ????, ????, ????, “????????????????
??????????????????????,” ????????????
?? ??? (JAWS 2017), ???????????????????????
?????????????, Sep. 15-17, 2017.
?????,????,????, “??????????????????????
?????????,”? 11????????????????????????
(JWEIN2015) ???, ???????????, ????, August 19-21, 2015.
4. ???? (????)
?????, ????, “????????????????????????,” ?
79 ????????????, 7F-05, Mar. 16-18, 2017.
?????, ????, ????, “?????????????????????
???,” ??????????, 4T-04, Mar. 17-19, 2015.
?????,????, “??????????????????????????
???????,”??????????????????,????, AI2013-20,
pp. 7-12, ????????, Nov. 28-29, 2013
?????, ???, ????, “??????????????????????
? ??????????,” ???????????? ICS, Vol.2013-ICS-170,
No. 11, ?????? ?????????????????, Mar. 10-13, 2013.
103
?????
?????, ????, ????, “???????????????????,” ?
??????????? ICS, Vol. 2017-ICS-186, No. 5, pp. 1-7, ??????,
?????????????????, Mar. 2-5, 2017.
??? ??, ?? ??, ?? ??, ?? ??, “??????????????
????????????????????,” ???????????? ICS,
Vol. 2016-ICS-182, No. 9, pp. 1-7, ?????? ?????????????
??? ?, Mar. 1-3, 2016.
??? ???, ?? ??, ?? ??, “???????????????????
????????????,” ??????????????????, Vol. 115,
No. 381, AI2015-47, pp. 125 - 130, ????????, Dec. 18-19, 2015.
??? ???, ?? ??, ?? ??, “???????????????????
???????????,” ???????????? ICS, Vol. 2015-ICS-178,
No. 4, ?????? ?????????????????, Mar. 1-4, 2015.
104
